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UK Comments on Contributions to Working Group 5C 

Nothing in this document should be taken t6 indicate ei ther commitment o r 

non-commitment of Her Majesty 's Government to the construction of fast 

r e ac to r s in the United Kingdom. 

(a) Draft EEC Report: "Radioactive effluents from nuclear power station s_ 
an**. nuclear fuel reprocess ing plants in the European Community -
Discharge data, 1972-76, Radiological Aspects" 

The EEC is tc be thanked for tabling their useful draft repor t , however this 

r epor t is very largely confined, a s would be expected, to data relating to 

t he rma l r eac to r s and, because of this , appears to have only minor relevance 

for the Working Group in t e re s t in the environmental implications of fast r e a c t o r s , 

except to record the performance of European thermal r eac to r s and thereby 

establ ish a benchmark for the a s se s smen t of the environmental impact of 

future fast r e a c t o r s . 

However, whilst the UK accepts the basic data contained in the repor t , having 

supplied to the EEC the relevant data for CEGB and SSEB nuclear power 

s tat ions, there a r e misgivings about deductions, made from this data concerning 

the radiation dosages to populations. In par t icu lar the calculated doses from 

gaseous effluents from UK nuclear s ta t ions , set out in Table XI, a r e open to 

question. Doubtless the EEC will receive detailed comments from UK 

organisat ions outside the framework of INFCE. If the EEC repor t i s to be used 

in any way by Sub-Group 5C than the UK would want it to be fully discussed and 

any deductions drawn from the basic data to be made on the basis of agreed 

model •.-•, 

Two factual e r r o r s relat ing to Dounreay occur : 

(i) Dounreay figures show that the discharge for 1-131 (organic)for 1972, 

Table included in paragraph 1.3. 2 .4 , should read 2. 9Ci and not 2. 6Ci; 

(ii) In Table XXI, the discharge limit (Ci /year) for Dounreay should read 

2,400 not 240. 



(b) US Contribution to INFCE Working Group 5, Sub-Group C, "Environmental. 
Legal and Managerial Aspects" 

The US Contribution constitutes a most valuable basis for the report of sub-group 

5C. A number of technical comments are,given in the following paragraphs and 

we have concentrated on drawing attention to points where the text could usefully 

be supplemented to bring it into line with the outline agreed at the first 5C 

sub-group meeting, and to pointing out sections where clarification or expansion 

i s desirable. 

As a matter of more general principle the involvement of working group 5B in 

safeguards and co-location aspects should be noted, as should the sub-group 

5C's decision to confine itself to points of difference between the fast reactor 

and its fuel cycles and those for thermal reactors. The US document appears 

to cover a number of areas that are presumably being dealt with in greater 

detail in working group 4 and working group 5B. 

The comments below deal with the sections in sequence and in the format 

proposed by the rapporteur. 

Section C. 1 Environmental and ecological aspects specific to fast breeder 
reactors 

C . l . l Reduced mining activities: 

We do not differ significantly from the points made in the US draft. However 

attention i s drawn to the following points. 

Any study of the environmental effects associated with uranium mining and 

milling activities should take account of the decline with time of the average 

grade of ore mined and the final paragraph of this section acknowledges that 

the effect could be significant. It is difficult to foresee at what rate the grade 

will decline in view of the uncertainties surrc -nding the compositions of present 

reserves and of the resources that may be exploited over the next 30 years, the 

period considered in this section, but it is likely that the amount of ore to be 

mined and milled annually to support 1 GWe of LWR will be greater at the end 

of the 30 years period than at the start. Experts in the uranium industry have 

forecast such a decline, for example Mr N B McLeod, Vice-president of NUS 

Corporation, at the AIF Annual Fuel Cycle Conference, March 1978, predicted 

a rate of decline of some 3% p. a. in average grades for all uranium producing 

areas, except Australia where adequate data was not available. 



We feel that this section could usefully be expanded to describe the occupational 

health hazards and incidents of physical accidents in the uranium mining industry. 

A number of US reports have appeared on this topic. It would probably be 

helpful to express the changes in waste arisings, accidents, health risks, etc, 

in relation to lGWe of fast versus thermal reactors. The final paragraph on 

page 3 of the US document does this in a general sense but it is probably also 

worth pointing out that even with the introduction of fast reactors there will 

stil l be a significant programme of thermal reactors for a considerable period. 

It i s possible that the difficulties in reducing the radon emanation rate to the 

levels envisaged at the post-reclamation stage, discussed on page 3 , have 

been understated. 

Finally there are errors in Table C.l-1 which should be corrected; thus Rn-220 

should read Rn-222, the tonnage of ore processed for the uranium recycle 

option should read 5. 5 x 10 MT, and one or other of the uranium natural 

radiation figures, probably that for uranium recycle, i s in error as they are 

most unlikely to differ by 5 orders of magnitude. 

Table C.l . 2 shows units of Ci/yr; these need clarifying, to what do they 

refer and how do they compare with natural background ? 

C. l . 2 Absence of the fuel cycle steps connected with uranium enrichment 

The US document contains no discussion of the environmental implications of 

the enrichment stage in the fabrication of fuel for thermal reactors. Although 

the stages of conversion of uranium ore to uranium hexafluoride enrichment 

in a diffusion or a centrifuge plant, and conversion of uranium hexafluoride to 

uranium oxide have, in themselves, little effect on the environment, the 

generation of the electricity needed to power the plants, in paiticular a gaseous 

diffusion plant,currently involves combustion of fossil fuel and consequent 

emission of associated pollutants. These environmental effects are proportional 

to the amount of separative work fed to reactors in the form of enriched 

uranium and will be minimised by the introduction of plutonium fuelled fast 

reactors. 

Several US Government reports have tabulated the environmental consequences 

of the enrichment process , in particular the US NRC report "Final Generic 

Environmental Statement on the use of Recycle Plutonium in Mixed Oxide Fuel in 

Light Water Cooled Reactors" NUREG-0002, and the USAEC document 

"Environmental Survey of the Nuclear Fuel Cycle". The relevant parts of these 



reports could furnish the foundations of a section on the environmental 

consequences of the enrichment process although they would require to be 

discussed before being used so that the implications of the various emissions 

from the fossil fuelled stations could be understood and agreed. 

C. 1. 3 "The US Operating Experience with the Experimental Breeder Reactor -
II (EBR-II) 

The US figures are useful and, in general, seem to accord well with UK 

experience. It would be Valuable to supplement this section with figures 

obtained with the operation of Phenix and of Russian fast reactors. 

C.1.4 Comparison of Fabrication and Reprocessing Plant Effluents from 
FBR and LWR fuel cycles 

At this stage of development of fast reactor fuel processing,the UK cannot 

provide firm numbers for waste arisings etc for inclusion in sub-group 5C 

work, nor is it certain that all the figures given by '.he US are reliable. It 

is not prudent, for example, to be too specific about "short cooled" fast reactor 

fuel; a significant limitation with such fuel arises from its thermal emission 

which is likely to prove limiting in respect of reprocessing rather than the 

radioactivity of the fuel. Solvent degradation, referred to in the first paragraph, 

whilst cf considerable importance, is not really an effluent problem because by 

selecting suitable contactor and/or process conditions much of the degradation 

can be avoided. 

The statement made in the second paragraph, and repeated elsewhere, that 

radioactive effluents will be limited to atmospheric releases, since technology 

is available to ensure essentially zero release of radionuclides in process 

liquids, i s both unreasonable and inconsistent with the philosophy of reducing 

radiation exposure to as low a level as reasonably achievable. The possession 

of a technology to reduce liquid effluent discharges to virtually zero is not 

necessarily an argument that this should be done. It i s the UK view that it may 

be preferable, on radiation protection grounds, to discharge radioactive wates 

from the reprocessing of fast (or thermal) reactor fuel in liquid form. The 

statement on zero release of process liquids should be omitted since it is not 

consistent with the selection of the optimum waste management strategy. 



The last sentence of paragraph 3 should be clarified as it contains several 

questionable points: into what kind of solids are the high-level wastes 

converted - (there i s a s yet no commercially used form of solidification for 

such wastes) - and what is meant by disposal?, anything other than transport of 

solidified high level wastes for ultimate disposal clearly needs to take into 

account unnecessary operator exposure to radiation.' 

The fourth paragraph of this section minimises a significant difference between 

the "LWR-U cycle" and the "LWR-Pu cycle" by omitting to discuss the 

probable need with the latter cycle for a large measure of remote fabrication 

and possibly increased occupational exposure at this stage. 

Reprocessing of fast reactor fuel may not necessarily be confined to the version 

described in the fifth paragraph; there are advantager in processing the radial 

blanket separately from the core and axial blanket. Again the treatment of 

high-level waste, in the last sentence of this paragraph, needs some clarification. 

The discussion based on three stages of technology, namely current practice, 

current technology capability and projected technology capability, in paragraph 

8 onwards, and illustrated numerically in Tables C. l -5 , C. l -6 and C. l -7 , 

must be treated with great reserve. The considerable improvements in 

technology and associated reductions in release fractions should be realistically 

reviewed and, if necessary, justified by the authors for operations on a 

commercial scale . 

A cooling time of less than 150 days for fast reac'or fuel, quoted in the penul

timate paragraph of this section as being "expected", i s considered as highly 

unlikely this century. 

As regards Tables C. l -8 and C.l-9, the value for tritium, H-5, in Table C. l -8 

shoulc be queried to determine whether or v.si it takes account of the loss of 

tritium from the fuel to the reactor coolant system in a fast reactor. The majority 

of the tritium generated in a fast reactor fuel will be released through the fuel 

cladding, during irradiation, and captured in the sodium coolant. The use of 

Ci/yr/tonne HM processed seems to bias these figures in favour of LWR and 

a better unit would probablv be Ci/GWe-yr, thereby relating activity released 

to electricity generated. 



C.1-5 Comparison of Reprocessing Waste Characteristics and Waste 

Management Considerations for fast and thermal reactor systems 

The first paragraph here seems to be somewhat in conflict with the first 

paragraph of the previous section; thus: paragraph 1, C. 1-4: "Fuel fabrication 

. . . are not significantly different for LWR-Pu recycle and FBR oxide fuels, and 

little difference exists in their liquid chemical effluents", and paragraph 1, C.1-5 

"Significant variations occur in the compositions of high-level wastes generated 

by the various reactor concepts presently available because . . . ". This 

discrepancy should be resolved or explained. We agree with the latter wording 

because there is a significant different in the yields of trans plutonium elements 

between LWR fuels, -U and-Pu recycle, and fast reactor fuels. The trans-

plutonium elements appear in the highly active raffinates in a Purex type process 

and give rise to part of the variations noted in paragraph 1 of C.1-5. 

In the UK view the statement made in the second sentence of the fifth paragraph 

of this section, regarding the possibility of reprocessing fast reactor fuel as 

soon as 30 days after reactor discharge, is optimistic. The waste from such 

short-cooled fuel would, probably, affect techniques and the heat rejection, 

after such a short cooling time, would, most likely, be so great that known 

high level waste tank designs would be inadequate. These are probably the 

reasons why the US postulated, in C. 1.4, that core, axial blankets and radial 

blankets should be processed together. As noted earlier in the comments on 

that strategy,this is not necessarily the most advantageous policy. It i s likely 

to take some considerable time to optimise parameters of the fast reactor 

fuel cycle and sub-group 5C would do better to note that, at this time, such 

parameters as optimum cooling time and reprocessing strategies have yet to 

be determined. 

C.I. 6 Comparison of the thermal discharges and radionuclide effluents from 
fast reactor and LWR power plants 

This section has been treated in a more limited fashion in the US text than was 

requested by the rapporteur. Specifically it contains no comparason of the 

environmental impacts of fossil with nuclear stations. The EEC were asked 

to look at this issue at the last sub-group 5C meeting. A number of publications 

have appeared that deal with emissions from fossil stations, e .g . the Inhaber 

report by the AECL, the reports of the UK Health and Safety Executive and the 

report by the American Medical Association, and the UK assumes that the EEC 

will be drawing these together in their contribution to sub-group 5C. 



The US figures appear to underestimate the reduction in thermal pollution 

appropriate to the thermal efficiency they assume. 

The tritium figures in tables C.l-13 and -14 are not consistent with estimates 

made in the UK. The latter estimates indicate that the tritium content of LWR 

effluent i s some five times greater than that for fast reactor effluents. 

C. 2 Physical protection and national safeguarding of the FBR cycle 

Much of the material contained in the US draft is really more appropriate to 

the task of working group 4 in that the materials and problems associated with 

the recycle of thermal reactor fuel are not dissimilar to those for fast reactor 

fuel so far as physical protection and safeguarding are cone *rned. We believe 

that sub-group 5C should restrict itself to commenting on such differences as 

exist between thermal and fast reactor cycles and that much of the technical 

detail associated with variation of fuel cycle i s more properly dealt with by 

sub-group 5B. 

Having said this we nevertheless comment on some aspects of the very 

interesting US contribution. 

Introduction: paragraph 2: It should be noted that the UK will very soon have 

experience of full fast reactor fuel cycle work which is independent of the 

thermal reactor fuel cycle, apart from make-up. Development work on fast 

reactor fuel reprocessing cannot be left until "after initial commercial FBR 

development" because it would not be prudent to ignore the technical consequences 

of reprocessing in the choice of fuel. 

C. 2.1 Strategic Nuclear Materials involved in the FBR fuel cycle 

The method of expressing radiation levels i s not familiar and they might be 

better restated in more conventional terms. it is not clear from the text whether 

the references to plutonium are to core or radial breeder material. 

Lines 3 - 4 of page 26 treat the matter of attractiveness for diversion rather 

superficially. Clearly it i s related to the extent of physical protection, the 

liklihood of a successful attempt and on the chemical form of the material. 



It should be noted that the material flows shown in Table C. 2.1 are for a 

very large plant and to argue safeguards on this basis could conceal very 

valid options of using smaller plants or multiple lines in the same general 

area. Also plutonium isotopic contents affect the radiation levels when the 

plutonium is fission product free. 

The opening sentence of the first paragraph under Transportation looks to be 

unsupported by what comes afterwards. 

C.2. 2 Regulations and Requirements for US National Safeguards Systems 

The section relating to US safeguards regulations and requirements is clear 

and concise though it clearly ne<?ds generalising for INFCE purposes. It i s 

not possible however to comment constructively on the figures quoted in 

Tables C.2-3 , C. 2-4 and C. 2-5 without more detailed information. One point 

not brought out in this section i s the need, from an international safeguards 

aspect, for the inspectors to be able themselves to verify the integrity of the 

measurement system. For plants in a fast reactor fuel cycle it would be essentia 

to have resident inspectors because of the large plutonium throughputs. 

It i s not clear to us that the plant clean out referred to on page 34 does a great 

deal to ass is t the safeguards task but the US might wish to amplify on the 

justification for this procedure. 

C. 2. 2.1 Physical protection and requirements for SNM being processed, 
used and stored ., ., . . . rather than international 

The treatment adopted confines itself to the national safeguards/where the aim 

would be to ensure that the state itself did not divert material. 

C.2. 2.2 Physical protection and safeguard requirements for SNM in Transit 

The second paragraph is purely for sub-national diversion. 

C. 2. 2. 3 Physical protection requirements and intrinsic safeguards for 
different fuel cycle options 

C2. 2 .3.1 Denatured Uranium/Thorium 

This section places inadequate emphasis on the fact that the Thorex process 

has a long way to go before it i s developed to the same degree that the Purex 

process has attained. 

The separation of U-233 would require appreciably less separative work, not 

"somewhat less", than the separation of U-235 from U-238. Dr K Cohen 



recently said that a pilot plant of 100 unsophisticated first generation centrifuges 

could effect the separation of bomb quantities of U-233 from denatured fuel 

in l e s s than six weeks. Furthermore there are chemical methods by which 

U-233 could be obtained. 

It should be pointed out that any process that makes "fresh" fuel l e s s attractive 

for diversion makes fabrication and/or handling more difficult and these 

processes will be difficult without employing any of the variants set out in 

C . 2 . 2 . 3 . 2 . 

Coprocessing, 2 . 2 . 3. 3 , i s reasonably simple and straightforward and has 

been demonstrated on a laboratory scale. CI VEX, 2 .2 . 3. 4, i s being examined 

currently: it must of course be recognised that much more remains to be 

done before CIVEX can be considered as a working concept. Detailed consider

ation of CIVEX is clearly appropriate to sub-group 5E. 

C. 3 Fuel Cycle Centres 

Consideration of fuel cycle centres and collocation is probably best done in 

detail within working group 4 and working group 5 agreed that it would limit 

its interest to any differences identifiable between thermal and fast reactor 

collocated s i tes . 

The environmental and public acceptability aspects of lr.rge complexes i s not 

dealt with in any detail nor can a generalised paper address the question of 

whether suitable sites are available. It seems inevitable that meaningful 

studies of collocation need to be referred to specific sites where a proper 

measure of any environmental impact and implications for local communities 

can be made. In the event that a detailed section on this topic i s included in 

the 5C sub-group report the UK i s likely to have further detailed comment. Some 

of the technical statements are open to question, 

C.4 Administrative and Legal Problems 

The administrative and legal problems addressed in section C.4 are again 

very general and not specific to the fast reactor. To this extent they might 

be more properly dealt with in other groups. This point would be raised at 

the next meeting of sub-group 5C and possibly at the TCC prior to that. 



C.4.1 General Outlook of Organisational Systems and of Safeguarding of 
the Fuel Cycle in Energy Production 

The majority of this section is sound: in particular we welcome the emphasis 

given to the need for further improvements in material accountancy. 

Inadequate account seems however to have been taken of the considerable and 

open-ended problems implicit in safeguarding the once-through fuel cycle , 

involving the long-term storage of unreprocessed spent fuel. This i s presumably 

being dealt with by working groups 6 and 7. 

C.4. 3 Legal and Administrative Problems of Collocation 

Section B. 2 ("Legal Status and Structure") may be felt to gloss over the 

question of alternative structures in too cursary a manner. It i s arguably 

of paramount significance whether the FCC is to be conceived of, say, a s a 

nationally managed organisation providing fuel services under international 

safeguards to a number of custome .nations or whether, by contrast, it is to 

be a multinationally owned z.nd managed organisation, with al l the attendant 

organisational and other difficulties which that concept might involve. 

C .4 .4 Multinational and International Management a s a Means against 
Proliferation 

With regard to Potential Advantage (3), the additional benefits of international-

isation need to be carefully assessed relative to those offered by reinforced 

international safeguards. 

It may moreover be felt that great account should be taken here of the very 

complex operational problems which would be likely to arise with the international 

management of fuel plants. 


